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$U_{q}(\mathfrak{g}\mathfrak{l}(n, C))$ $q-0$ Robinson-Schensted





$R(x)=(1-xq) \sum E_{\mu\mu}\otimes E_{\mu\mu}+(1-q)x\sum_{\mu<\nu}E_{\mu\mu}\otimes E_{\nu\nu}$
$+(1-q) \sum_{\mu>\nu}E_{\mu\mu}\otimes E_{\nu\nu}+\sqrt{q}(1-x)\sum_{\mu\neq\nu}E_{\mu\nu}\otimes E_{\nu\mu}(1.1)$
$qarrow 0$
$R(x)|_{q=0}=x \sum_{\mu<\nu}E_{\mu\mu}\otimes E_{\nu\nu}+\sum_{\mu\geq\nu}E_{\mu\mu}\otimes E_{\nu\nu}$
(i) $qarrow 0$ $R(x)$ diagonal
(ii) $x^{H}$ ($H=0$ or 1)
(iii) $H=0$ or $1\Leftrightarrow\mu\geq\nu$ or $\mu<\nu$






$qarrow 0$ Lie $g$
q-deformation $U_{q}(g)$ $V$ R-matrix $R(x)\in$
Endc $(V\otimes V)$
$[R(x), \Delta(X)]=0$ $\forall_{X}\in U_{q}(g)$
$g=\mathfrak{g}\mathfrak{l}(n, C)$ , $V=\oplus_{\mu_{c}}Cv_{\mu}$ $v_{\mu}=(\begin{array}{l}0|1|0\end{array})arrow\mu$
$U_{q}(g)$ n $V$
$q=1$ “classical“ $R(x)$ $\triangle(X)$
$V\otimes V=V_{\fbox{ }}\oplus VH$
























Pasquier [2] q-Wigner .\supset
| Y Robinson-Schensted




2. $V\otimes V\otimes V$
‘ $q$-wigner $V\otimes V\otimes V$
$V\otimes V$ $(1.1)-(1.3)$
$V_{\fbox{ }}=KerR(q^{arrow 1})$ (2.1)
$VH=KerR(q)$ (2.2)
(2.1),(2.2) $(1.2),(1.3)$
$V\otimes V\otimes V$ unique
$\otimes V$
$V\otimes V\otimes V\cong(V\otimes V)\otimes V$
$\cong(V\oplus V)\otimes V2$




$V\otimes V\otimes V$ $R(x)\otimes 1,1\otimes R(x)$ $R^{12}(x),$ $R^{23}(x)$
( )
$l/ \frac{r}{\frac{123}{}}=(V_{\fbox{ }}\otimes V)\cap KerR^{23}(q^{arrow 1})$
$V_{1}F_{3}^{2}=(V_{112}$
$V_{\overline{1\underline{3}\fbox{ }}}=(V\Xi^{1}2\otimes V)\cap KerR^{12}(q^{-1})R^{23}(q^{-2})$
$V2\ovalbox{\tt\small REJECT}_{3}^{1}=(V\Xi_{2}^{1}\otimes V)\cap KerR^{23}(q)$
50
q\rightarrow 0. $RS$ 5
( )
$\lambda,$
$\mu,$ $\nu$ 1 $n$
$\lambda>\mu>\nu$


















$V\otimes V\otimes V$ $qarrow 0$




: $\mu\nu\lambda,$ $\lambda\nu\mu,$ $\lambda\mu\lambda,$ $\mu\mu\lambda$
$V_{1\lrcorner}\overline{H_{\sim^{)}}^{3}}|_{q=0}$




$V_{\fbox{ }}|_{q=\infty}$ : $\nu\mu\lambda$ , $\mu\lambda\lambda$ , $\mu\mu\lambda$ , $\lambda\lambda\lambda$
$V_{1\lrcorner}\overline{H_{s^{\sim}}^{9}}|_{q=\infty}$
: $\nu\lambda\mu$ , $\mu\lambda\nu$ , $\lambda\lambda\mu$ , $\mu\lambda\mu$
$V_{1}F_{3}^{2}|_{q=0}$
: $\lambda\nu\mu$ , $\mu\nu\lambda$ , $\lambda\mu\lambda$ , $\lambda\mu\mu$
$V2\ovalbox{\tt\small REJECT}_{3}^{1}|_{q=\infty}$
: $\lambda\mu\nu$
$q=0$ (or $\infty$ ) $v_{\alpha}\otimes v_{\beta}\otimes v_{\gamma}$












$Y\in \mathcal{Y}_{N}$ $Y$ 1 $N$
$Y$
$\mathcal{T}(1’)$









$Y\in \mathcal{Y}_{N}^{(n)},$ $P\in \mathcal{T}(Y)$ P- $\frac{T^{\gamma}\otimes\cdots\otimes V}{N}$
$U_{q}(gl(n., C))$ $V(P)$ inductive
$P=\{\phiarrow Y_{1}=\coprodarrow\cdotsarrow Y_{n-1}arrow Y_{n}=Y^{r}\}$
$P’\in \mathcal{Y}_{N}^{(n-1)}$ $Y_{n-1}$ $P$





$\bigvee_{N}^{\otimes V=}V\otimes\cdots P\in S(Y)\bigoplus_{Y\epsilon\nu_{N}^{(\cdot)}}V(P)$
$q=0$ (or $\infty$ )
\langle \rangle
(i) $V(P)|_{q=0}$ $(resp.$ $V(P)|_{q=\infty})$ $v_{\alpha_{1}}\otimes\cdots\otimes v_{\alpha_{N}}$
(ii) $v_{\alpha_{1}}\otimes\cdots\otimes v_{\alpha_{N}}\in V(P)|_{q=0}$ $(resp.$ $V(P)|_{q=\infty})$
$\alpha_{1},$ $\cdots,$ $\alpha_{N}$ (resp. ) insertion $P$
(insertion )
(1)





$qarrow 0$ $RS$ 9
{ 1 ] $F_{3}^{12}$ $F_{3}^{22}$ 1}
$(2)=$ insertion
$Q\in S(Y)(Y\in \mathcal{Y}_{N}^{(k)})$ $\alpha(1<\alpha\leq n)$
$Q’\in S(Y)(Y’\in \mathcal{Y}_{N}(k+1\overline{))}$ $\dot{\text{ }}$ insertion
(i) $Q$ $\{q_{1}, q_{2}, \ldots, q_{J}\}$ $q_{t}$
1 $n$
(ii) $q$ 1 $n$ $\alpha$ $q’$ .
$\alpha’$
$q$
$\alpha_{1},$ $\cdots,$ $\alpha_{k}$ ( $k$ $q$ ) $\alpha_{k}<\alpha$
$q$ $\alpha$ $q’$
$\alpha’=0$ $j$ $\alpha_{j-1}<\alpha\leq\alpha_{j}$
( $\alpha_{0}=0$ ) $q$ $i$
$\alpha_{j}$
$\alpha$ $q’$ ( $q$ $q’$
) $\alpha’=\alpha_{j}$
(iii) $Q$ $\alpha$ $Q’$ $q_{1}$ $\alpha$ $q_{1}’$ $\alpha_{1}’$
$\alpha_{1}’$ $0$ $Q’$ $q_{1}$
$q_{2}$






$Q\in S(Y)(Y\in y_{N}(k))$ $\alpha(1\leq\alpha\leq n)$ $Q’\in$
$S(Y)(Y’\in \mathcal{Y}_{N}^{(k+1)})$ .








$\alpha_{j-1}\leq\alpha<\alpha_{j}$ $j$ $P$ $\alpha_{j}$ $\alpha$
$p’$ $\alpha’=\alpha_{j}$
























$\lambda\nu\mu,$ $\mu\nu\lambda,$ $\mu\mu\lambda,$ $\lambda\mu\lambda$ 4
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$qarrow 0$ $RS$ 11
$N$ $W_{N}$ 1 $N$ $N$
(4) ( insertion
) $w\in W_{N}$





4. $U_{q}(g1(n, C))$ Gelfand-Tsetlin
( $g$ $U(g)$
q-deformation, q-Wigner )
9, $g\mathfrak{l}(n, C),$ $n\geq 2$ ,
q-deformation $U_{q}(gl(n, C))$
$U_{q}$ ( $\backslash 0$ (n, $C)$ )
$q$
$0$ $\pm 1$ $U_{q}=U_{q}(\mathfrak{g}\mathfrak{l}(n, C))$ 1
$\{X_{j}^{\pm}\}_{1\leq j<n-1},$ $\{q^{\pm\epsilon_{j}/2}\}_{1\leq J\leq n}$
C-
$q^{\epsilon_{i}/2}q^{-\epsilon_{i}/2}=q^{-\epsilon_{i}/2}q^{\epsilon;/2}=1$ , $q^{\epsilon;/2}q^{\epsilon_{j}/2}=q^{\epsilon_{j/2}}q^{\epsilon_{i}/2}$ ,
$q’\sim X_{j}q^{-\mathcal{E}|/2}=q^{\pm 1/2}X_{j}^{\pm}$ for $i=j$,
$=q^{\mp 1/2}X_{j}^{\pm}$ for $i=j+1$ ,
$=X_{j}^{\pm}$ otherwise,
$[X_{i}^{+}, X_{j^{-}}]= \delta_{ij}\frac{q^{H:}-q^{-H:}}{q-q-\iota}$ , $H_{i}=\epsilon_{i}-\epsilon_{i+1}$ ,
$(X_{i}^{\pm})^{2}X_{j}^{\pm}-(q+q^{-1})X_{i}^{\pm}X_{j}^{\pm}X_{i}^{\pm}+X_{j}^{\pm}(X_{i}^{\pm})^{2}=0$ for $|i-j|=1$ ,
$X_{i}^{\pm}X_{j}^{\pm}=X_{j}^{\pm}X_{i}^{\pm}$ for $|i-j|\geq 2$ .





$\Delta(X_{j}^{\pm})=X_{j}^{\pm}\otimes q^{-H_{j}/2}+q^{H_{j}/2}\otimes X_{j}^{\pm}$ .
$U_{q^{-}}$ $(\pi_{i}, V_{i}),$ $i=$
$1,2$ , $U_{q^{-}}$ $V_{1}\otimes$ $U_{q^{-}}$
$U_{q}arrow^{\Delta}U_{q}\otimes U_{q}\pi_{1}\otimes\pi_{2}arrow End(V_{1}\otimes V_{2})$
$V_{1}\otimes$ $U_{q^{-}}$ $q$




$m_{1n}$ $m_{2n}$ . .. $m_{nn}$
$m_{1n-1}$ ... $m_{\mathfrak{n}-1n-1}$
$|m\rangle=(m_{ij})_{1\leq i\leq J\leq n}$ $=$
$m_{12}$ $m_{22}$
$m_{11}$
$m_{ij+1}\geq m_{ij}\geq m_{i+1j+1}$ for all $1\leq i\leq j\leq n-1$ (4.1)
Gelfand-Tsetlin (GT) pattern $m_{nn}\geq 0$
GT pattern $|m\rangle$ $[m_{1n}, m_{2n}, \cdots, m_{nn}]$ Young
Young $|m\rangle$ (
Young ) $GT(Y)$ Young $Y$
GT pattern
$GT(Y)$ $S(Y)$ $\tau$ $|m$) $\in GT(Y)$
$Y_{i}\in \mathcal{Y}_{N}^{(i)}(N_{1}=m_{i1}+\cdots+m_{ii})$ $Y_{i}=[m_{i1}$ , . . . , $m_{ii}]$
$Y_{i}\supset Y_{i-1}$ $i$ $Y_{i}\backslash Y_{i-1}$ $i$
$Y=Y_{n}$. $\tau(|m\rangle)$
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$qarrow 0$ $RS$ 13
$U_{q}(g\zeta n, C))$ [5]
$q$ generic $U_{q}=U_{q}(g\zeta n, C))$
$g[(n, C)$ $n$ Young
Young $Y=[f1, \cdot . , f_{n}]$ $V_{1’}$ $GT(Y)$ GT pattern
$C$ $V_{Y}$ $C-$ $(, )$ $(|m\rangle , |m’\rangle)$
$=\delta_{mm’}$
$\ovalbox{\tt\small REJECT}$ GT pattern
$q^{\epsilon_{j}/2}|m\rangle=q^{w_{j}(m)/2}|m\rangle$ , $w_{j}(m)= \sum_{i=1}^{j}m_{ij}-\sum_{i=1}^{j-1}m_{ij-1}$ ,
$\nwarrow$
$X_{j}^{+}|m \rangle=\sum_{m’}(j)c_{j}(m’, m)|m’\rangle$ , $X_{j^{-}}|m\rangle$ $= \sum_{m’}(j)c_{j}(m, m’)|m’\rangle$
$\sum^{(j)}$ $i$ $b$ $m_{ab}’=m_{ab}$
$m’$ $c_{j}(m, m’)$ $i$ $m_{ij}’=m_{\dot{\tau}j}-1$
$(i,j)$ $(a, b)$ $m_{ab}’=m_{ab}$ $m’$
$0$ $0$
$l_{k}’’=m_{kj+1}-k$ $1\leq k\leq j+1$ ,
$l_{k}=m_{kj}-k$ $1\leq k\leq j$ ,
$l_{k}’=m_{kj-1}-k$ $1\leq k\leq j-1$
$0$ $m_{ij}’=m_{ij}-1$
$c_{j}(m, m’)=(- \frac{\prod_{k^{-}1}=^{1}[l_{k}’-l_{i}]_{q}\prod k--1[l_{k}’’-l_{i}+1]_{q}}{\prod_{k1}^{j_{k\overline{\overline{\neq}}i}}[l_{k}-l_{1}\cdot]_{q}[l_{k}-l_{i}+1]_{q}})^{\iota}2$
$\nu\in C$
$[ \nu]_{q}=\frac{q^{\nu}-q^{-\nu}}{q-q-1}$
$m$ $m’$ GT pattern (4.1)
$c_{j}(?71, fn’)=0$ $w_{j}(m)$ $\tau(|m\rangle)$ $i$
59
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$q^{\epsilon_{j}/2}v_{Y}=q^{f_{j}/2}v_{Y}$ , $X_{j}^{+}v_{Y}=0$ .
$V=\oplus_{j}^{n_{=1}}Cv_{j}$ $v_{j}$
$v_{j}=|m_{j}\rangle$ ,
$(m_{j})_{ik}=\delta_{i1}$ if $j\leq k\leq n$ ,
$=0$ if $1\leq k\leq j-1$ .
$n$
$t4^{\gamma}igner$ [2]
$gt(n, C)$ $V$ $U_{q}$ $V_{Y}$ (







$qarrow 0$ $RS$ 15




$k$ $V_{W}$ $l^{r_{\}’}}’\otimes V$
$|m \rangle=\sum^{n}$




$i_{j}\rangle$ $\otimes v_{j}$ . $(4’.2)$
$1\leq i_{k}\leq k$ $|m’\rangle$ $=|m;i_{n},$ $i_{n-1},$
$\ldots,$
$i_{j}\rangle$ $\in GT(Y)$
$m_{ik}’=m_{i_{k}k}--1$ $j\leq k\leq n$ $i=i_{k}$
$=m_{ik}$
$w_{q}(m;i_{n}, i_{n-1}, \ldots, i_{j})$ q-Wigner
reduced Wigner
$w_{q}(m;i_{n}, i_{n-1}, . . . , i_{i})$
$=w_{q}^{(1)}(m_{1j-1}m_{1j} \ldots m_{j-1j-1}m_{jj}|)\prod_{k=j+1}^{n}w_{q}^{(2)}(m_{1k-1}^{m_{1k}}\cdots m_{k-1}|_{i_{k-1}}^{i_{k}})$ .
reduced $14^{T}igner$ $f_{1}’\geq f1\geq f_{2}’\geq f_{2}\geq$ . . $\geq$
$f_{k-1}’\geq f_{k-1}\geq f_{k}’$
$w_{q}^{(1)}$ ( $f^{f_{1^{1}}’}\cdot$ . $f_{k-1}f_{k}’|^{i})=q^{(\sum_{k}l_{k}-\sum_{k\neq:}1_{k}’-k+1)/2}$
$\cross(\frac{\prod_{a<k-1}[l_{a}-l_{i}’]_{q}}{\prod_{a\leq k,a\neq i}[l_{a}’-l_{i}’+1]_{q}})^{2}\iota$
$w_{q}^{(2)}(ff_{k-1}f_{1^{1}}’$. $.\cdot.\cdot\cdot f_{k}’|_{j}^{i})=S(j-i)q^{(l_{j}-l’.\cdot)/2}$
$\cross(\prod_{a\leq k,a\neq i}\frac{[l_{a}^{\overline{\prime}}-l_{j}+1]_{q}}{[l_{a}^{J}-l_{i}’+1]_{q}}\prod_{a\leq k-1,a\neq J}\frac{[l_{a}-l_{i}’]_{q}}{[l_{a}-l_{j}]_{q}})^{2}\iota$.
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$l_{a}=f_{a}-a(1\leq a\leq k-1),$ $l_{a}’=f_{a’}-a(1\leq a\leq k)$
$S(x)=1$ if $x\geq 0$ ,
$=-1$ if $x<0$ ,
$V\otimes V_{Y}$ $qarrow q^{-1}$
$V^{8N}=\oplus_{P\epsilon_{y_{N}^{(n)}}}V(P)Y\in^{S(Y)}$
$V^{\otimes N}$
Wigner $q^{\pm 1}\neq 0$
$q^{\pm 1}arrow 0$ reduced Wigner
reduced Wigner
1) $qarrow 0$ Wigner $0$
$\lim_{qarrow 0}w_{q}^{(1)}$ ( . . $f_{k-1}f_{k}’|^{i})=1$ $f_{a}=f_{a+1}’$ $(i\leq a<k)$ ,
$\lim_{qarrow 0}w_{q}^{(2)}(f_{1^{1}}\cdot f_{k-1}f’.\cdots f_{k}’|_{j^{i}})=1$ $i<jB_{a^{\vee\supset}}f_{a}=f_{a+1}’$ $(i\leq a<j)$
$)$
$=1$ $i=j$ .
2) $q^{-1}arrow 0$ Wigner $0$
$q\varliminf_{1_{arrow 0}}w_{q}^{(1)}(_{f_{1}\cdot\cdot f_{k-1}}f_{1}’.\cdots f_{k}’|^{\dot{\iota}})=1$ $i=1$ ,
$q\varliminf_{1_{arrow 0}}w_{q}^{(2)}(ff_{k-1}f_{1^{1}}’$. $.\cdot.\cdot\cdot f_{k}’|_{j}^{i})=1$ $i=j$ -c$\cdot$ $f_{i}=f_{i}’a2$ ,
$=-1$ $i=j+1$ .
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$qarrow 0$ $RS$ 17
$Y-W$ $q^{\pm 1}arrow 0$
$W\subset V_{Y}\otimes V$ $V\otimes V_{Y}$ $|m\rangle$ (4.2)
)I $|m’\rangle$ $\otimes v_{j}$
$R$ deletion











iii/) $(\mu-2)$ $ii’$ ) $x_{\mu-1}$
$R\uparrow\mu$
deletion insertion
deletion $|m$ ) $\otimes$ $Yarrow^{\mu}$
$f4/^{\ulcorner}$
$\nu$
$|m’\rangle=\tau^{-1}(arrow_{\nu}R)$ $qarrow 0$ ,
$|m\rangle’=\tau^{-}(R\uparrow_{\mu})$ $q^{-}$ $arrow 0$
deletion
$j$
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